We present the developed three-coordinate laser heterodyne interferometer for nanometer-scale displacement measurement traceability to the primary standard of meter for use in the scanning probe microscopes, scanning electron microscopes, and coordinate measuring machines. Distinctive features of the interferometer are the versatility, compactness, high resolution and high accuracy. Light source is a frequency-stabilized 1-mW-power He-Ne laser with the wavelength of 632.991084 nm (relative instability of frequency for 8 hours is 10 −9 ). Thus the interferometer provides traceability of measurements in the nanometer and micrometer range to the primary standard of meter. Signal processing system is based on the quadrature direct analog-to-digital conversion of the phase-modulated signals, followed by the digital processing of the informative samples. Correlation principle of detection provides high performance and the record-breaking phase measurement accuracy (up to 10 −5 radians) with significantly reduced signal-to-noise ratio in the photocurrent receiver. Triple prisms are used as reflectors, measuring the displacement of the interferometer. They are rigidly fixed on the platform, above the piezoelectric table. Two of them are mounted on the adjacent side faces of the platform, and the third one -orthogonally to the former in the bottom of the platform, in the piezoelectric section. The mirror prisms are situated above it. The platform is placed on the piezoelectric table so that the axis of symmetry of the triple prisms extends through the center of rotation of the piezoelectric section. This arrangement minimizes the Abbe error encountered when using other optical schemes. Thanks to elaborately designed optical unit and novel detection system, our device guarantees high measurement accuracy (∼0.1 nm) and high resolution (0.01 nm). The study of the interferometer's metrological characteristics was performed on the probe microscope NanoScan-3D with integrated interferometer using three reference structures (gratings). The results were compared with the measurements of the same gratings samples made at Physikalisch-Technische Bundesanstalt (PTB) (Germany) using a metrological probe microscope. For all three gratings, the values obtained from NanoScan-3Di fall into PTB calibration interval within 95% confidence. Metrological probe microscope equipped with the three-coordinate laser interferometer belongs to Russian national primary special standard unit of length in the measurement of roughness parameters in the range of 1-1000 nm (VNIIMS, Russia). Three coordinate laser heterodyne interferometer belongs to Russian national primary special standard unit of hardness for Martens scales and scale of nanoindentation (VNIIFTRI, Russia).
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